^ PNEUMATIC TIRE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a pneumatic tire having at 
the tread thereof blocks in which sipes are formed, and in 
particular, to a pneumatic tire in which irregular wear is 
suppressed and noise at the time of wear is decreased. 
Description of the Related Art 

-Gene^ialLjvi n pn e umatic tiros provided wath block p attemsr 
-jjr egular wear known a s heel - and toe w ^eary-whtch resutts- in st c p s- 
due-to- w o ar at the leading (step in) e dges and the l idilLug (kick - 
pnf) pHg pr- nf blnrlfn^ tond.n to occur . Suc- li we ar Is accompaniG d-by- 
•^.-detef ioration in ext e rnal app pR ranrp andHioi.Mc, and HTFre-a ^^ 
^-/^^ »dofinito noodJta solve this d r awhm^^ 

With heel-and-toe wear, a step is formed due to earlier wear 
at the toe side which is the trailing edge, than at the heel side 
which is the leading edge. 

An example of a method for improving heel-and-toe wear is 
a method in which the angle of the groove wall surfaces with 
respect to a normal line which is orthogonal to title direction in 
which the groove extends, is changed at the leading edge and the 
trailing edge. 
J? /U2/ ^^iewever7it-is-iiifficui1rtD-gfeati7xha^ 
^ •gFOGve-waH-suffa€es-dru«-te-pi*< 



^ fregca=me^d-^t-fee- timo of vulcanization or the like. Further, trs= fee 
wear progrcsooo, the wid - th of th e gro o v e h as a distribution ^^v^ehish 
-0 differs g r e atly than tfa at-atih o time the tire was new, which is net 
^ p r e ferable from the standpoint of performance nor from th e- 
-standpo int of e xt e rnal appearanc e — 

Further, as can be seen from Japanese Patent Application 
Laid-Open (JP-A) No. 2-24204, an idea has been proposed in 
Mrhich sipes are disposed parallel to the contour line at the leading 
edge of the ground-contact configuration. Hov^ever, this structure 
can only be applied to patterns having a specific orientation, and 
is not practical. 

SUMMARY OF THE INVENTION 
In view of the aforementioned, an object of the present 
invention is to provide a pneumatic tire in which heel-and-toe 
wear is suppressed and the noise due to the heel-and-toe wear 
which is generated is reduced. 

Generally, blocks at the shoulder sides of a pneumatic tire 
are displaced toward the center at the time of step-in, and 
thereafter, contact the road surface, and at the time of kick-out, 
return while sliding toward the outer sides, such that wear is 
generated at these times. 

The magnitude of the irregular wear is affected by the 
magnitude of the shearing strain between the region which first 



returns (the kicked-out region) and the region which is still 
contacting the road surface. 

In a block pattern, due to the shearing strain between a 
leading edge (heel side) which is a preceding trailing edge region 
and a trailing edge (toe side) which is a following trailing edge 
region, the amount of wear of the trailing edge (the following 
trailing edge region) is greater than the amount of wear of the 
leading edge (the preceding trailing edge region), and thus heel- 
and-toe wear is generated. 

As the result of various intensive experimental studies, the 
present inventors found that in order to mitigate the effect of the 
shearing strain from the preceding trailing edge region, it is 
effective to utilize sipes matching the ground-contact 
configuration at the time of kick-out, i.e., in order to mitigate the 
affect of the shearing strain from the leading edge side, it is 
effective to use a sipe at the trailing edge side. 

Further, it is known that when heel-and-toe wear is 
generated at shoulder side blocks, the noise generated at the time 
the blocks contact the ground becomes large. 

In order to determine the cause behind this phenomenon, 
the force which the ground-contact surface receives from the road 
surface and the groimd-contact configuration were observed in 
detail, and the following was learned. 

As heel-and-toe wear is generated, the force received from 
the road surface increases at the leading edges of the blocks at the 



shoulder portions. This is because, due to the heel-and-toe wear 
generated at the shoulder portions, at the time of step-in of the 
next block, the trailing edge side of the block of the previous pitch 
(the block which has already been stepped into) becomes a 
stepped concave portion. Therefore, the load of the block of the 
previous pitch is reduced, or in some cases, a region which does 
not contact the ground arises. This effect increases the ground- 
contact pressure of the leading edge of the block of the next pitch, 
and the striking noise at the time of stepping into the block 
increases. 

Accordingly, in order to suppress the increase in ground- 
contact pressure at the leading edge, it i's effective to reduce the 
stepped concave portion itself and simultaneously to divide the 
stepped concave portion to diminish the effect on the next pitch. 

As a result of various experimental studies, the present 
inventors learned that the amount of the step due to heel-and-toe 
wear of an entire block could be effectively suppressed by 
forming, at the trailing edge side, a sipe conforming to the 
ground-contact configuration at the time of kick-out. 

A first aspect of the present invention is a pneumatic tire 
having a tread pattern including a plurality of blocks defined by a 
plurality of circumferential direction grooves extending 
substantially along a tire circumferential direction and a plurality 
of transverse direction grooves extending substantially along a 
tire transverse direction, wherein a sipe, which is substantially 




parallel to a contour line at a trailing edge of a ground-contact 
configuration, is formed in a region at a trailing edge of each of 
blocks at shoulder sides of said pneumatic tire among the 
plurality of blocks. 
sJ yLiP S < } icrc, "ground contact configuraLion" is defined as follows-. 
-7^ In accordance with tho 1 99 6 JATMA Year Book (" JAT MiV^-staRds 
^ ior the "Japan -AutOBt ebile Tire Manufacturers' Aooociationr 
^ Inc.") , a tiro is ri m-as sembled to a standard rim at an applied sia eT^ 
^-^ and the tiro is filled willi air prossuro corresponding to the - 
^ m a ximum load capacity at tho applied size/ ply rating in ■ 

QCCordancG with the 19 9 6 JATMA Year Book. The gro u nd-co n L ac L* 
-ee nfiguration is m c a o ur o d when there i s a load of 80% of tho - 
^ maximum load capacity at the applied size/ ply rating in . 

^cordani^e widt Hi e 199C JATMA Y e ar Book (when there is -bo^ 
^ ^descrip tion of a single t ire and plural t ires, the description of the - 
single lire is applicable )-; 
^^P^g^^g^j ^n the pneu matitrti rc of the first aspect of Uie presen t^ 

^ -ifw cntion, a sipc which is substantially parallel to th e contour I me,, 
^ at the trail in g edge o f tho ground contact configuration is ■ 
>^ provided in a rogi^ at the trailing edge of each block a t the - 
^ -sho ulder side. Tlteief ofe rfromrth^-ti m^^^^diEjg Mliediiii^^ 
kick-out of a block, the effect of th e shearing otr aiirtra n o mittcd to - 
the trailing edge from th e preceding fa -aai ng odg o region io ■ 
^ mi l igaled, Llie m o vem e nt Qf-fe e4ra iling e dge with r o sp c et t o the - 
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^ r o ad sur f ace is suppressed, and the wear at - th o trailing e dge (th o 
'72^ t nr "fdr). \ r , h er] n n d t o r wrn r, i s ^i ippr rT' i orl ii 

Instead of heel-and-toe wear (i.e., instead of a large concave 
portion being formed), minute concave portions are formed in 
vicinities of the front and rear of the sipe and at the trailing edge 
of the block. The effect of the stepped concave portion on the 
surroundings is proportional to the surface area of the region, and 
is inversely proportional to the distance from the concave portion. 

Accordingly, by providing a sipe as described above and by 
reducing and dividing the stepped concave portion, the degree of 
increase in the ground-contact pressure of the leading edge of the 
block of the next pitch is decreased, and the striking noise at the 
time of step-in of the block can be decreased. 

By setting the sipe disposed at the trailing edge region 
substantially parallel to the contour line at the trailing edge, the 
effect of the shearing strain from the preceding trailing edge 
region can be effectively mitigated. 

In accordance with a second aspect of the present invention, 
there is provided a pneumatic tire in which a sipe, which is 
substantially parallel to the contour line of the leading edge of the 
groimd-contact configuration, is provided at a leading edge 
region of each block at the shoulder side. 

The smaller the compressive rigidity of the leading edge, the 
more the rate of increase in the ground-contact pressure can be 
decreased. Accordingly, by providing a sipe, which is 



substantially parallel to the contour line at the leading edge of the 
ground-contact configuration, at the leading edge region, the 
tread rubber deforms easily and the compressive rigidity can be 
decreased at the leading edge side. Therefore, the striking noise at 
the time of step-in of the block can be decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view of a tread of a pneumatic tire relating to 

a first embodiment of the present invention. 

Fig. 2 is a cross-sectional view of a portion of the tread 

which contacts a road surface. 

Fig. 3 is a plan view of a tread of a pneumatic tire relating to 

a modified example of the first embodiment of the present 

invention. 

Fig, 4 is a plan view of a tread of a pneumatic tire relating to 
yet another modified example of the first embodiment of the 
present invention. 

Fig. 5 is a plan view of a tread of a pneumatic tire relating to 
a second embodiment of the present invention. 

Fig. 6 is a plan view of a tread of Comparative Example Tire 
1 used for testing. 

Fig. 7 is a plan view of Example Tire 2 used for testing. 

Fig. 8 is a plan view of a tread of Conventional Example Tire 



Fig. 9 is a plan view of a tread of a pneumatic tire relating to 
a modified example of the second embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

A first embodiment of a pneumatic tire of the present 
invention v^ill be described hereinafter in accordance v^ith Figs. 1 
and 2. 

i^^^^S ^Q illuGtratod in Fig. 1, fou ^-^i ^umfer entiat-dir ec t ion m aiR 
vg roov c s 1 47-whi ch e xt e nd along th e circumferential direction of 
' the tire (the dire ct ion o f arrow R and - the direction opposite to th e 
dir e ction of arrow R/ the direction of arrow R representing the ^ 
■d4 r c ction - of^uDtation-e f th e tirc)^ arc formed in a t r ead 
■p ne u ma t ic tir e 10 of ^he-p r e sent first embodiment At the tire ■ 
^tmnsverse- dircction (the direction of arrow W) outer sides of -die> 
ekHJu mfeieiitlal diiec^mrPTai n grooves 14 which ar c form e d at the 
^hre-^brarrsverse-di r cctio n s id c s / " a-pim'al4ty^-oj^-bl^^ which a re^ 
' d e fined by Qiese ci i-cumferen tial dir e ction main g r ooves 1 4--and-a 
jphtral ity of tiaiLsveise d ir ection groov e s 1 6 ex t ending along th e 
tiif^e-tra iLS verse direc t io fvai^e- dTyrfM>sed along die c ircumferentia l 
d»e€tierrTHH}Te-tii^e; — 

A rib 20 extending along the circumferential direction of the 
tire is disposed on the equatorial plane CL of the tire at the tread 
12. A plurality of blocks 24, which are defined by the 
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circumferential direction main grooves 14 and grooves 22 inclined 
with respect to the tire transverse direction, are disposed at both 
sides of the rib 20 along the circumferential direction of the tire. A 
sipe 26 is formed in the tire circumferential direction center of the 
block 24. 

A transverse groove 28 is formed in the tire circumferential 
direction center of the block 18 from the shoulder side toward the 
central portion of the block 18. 

A sipe 32, which is substantially parallel to the trailing edge 
contour line of a ground-contact configuration 30, is formed at the 
region of the block 18 which is at the opposite side of the tire 
rotating direction side of the tire circumferential direction center 
of the block 18, i.e., the sipe 32 is formed at the trailing edge region 
of the block 18. 

Further, a sipe 36, which is substantially parallel to the 
leading edge side contour line of the ground-contact 
configuration 30, is formed at the region of the block 18 at the tire 
rotating direction side of the tire circumferential direction center 
of the block 18, i.e., the sipe 36 is formed at the leading edge 
region of the block 18. 

Next, operation of the pneumatic tire of the present first 
embodiment will be described. 




time when the 



pneuma^ tir e 10 rota te&aoAe-dt r G ction of arrow R on a road 
G urfacc 34, for example, ^tte Te=s£e=iMoehrt 8A at wliic h- only th e 
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'^23 4 e ading -€ dge end petf tioart h G r c of e oiilac l s the road smfac o 3 4 / 
^ j blocks 18B «lS£-3A;M ch G ntircly contact the road Qurfaco 34/ and a 



block 18F whi €b-b cgins to move apart from tho road surface 31 
-^G .^ only th e trailing edge side end portion thereof contact s t he 



At the time of step-in, the block 18 is displaced toward the 
equatorial plane CL of the tire (see arrow A in Fig. 1), and 
thereafter contacts the road surface 34. At the time of kick-out, the 
block 18 returns while sliding toward the outer side, and shearing 
strain is generated in the block 18 between the region which 
returns first (the kicked-out region) and the region that is still 
contacting the road surface 34. However, the shearing strain 
which is about to be transmitted to the trailing edge is blocked by 
the sipe 32. Therefore, movement of the trailing edge with respect 
to the road surface 34 is suppressed, and wearing of the trailing 
edge (the toe side), i.e., heel-and-toe wear, is suppressed. 

Because heel-and-toe wear is suppressed, the noise caused 
by heel-and-toe wear (the striking noise at the time of step-in of 
the block) can be decreased. 

Further, because the compressive rigidity at the leading 
edge side of the block 18 is decreased due to the sipe 36, the 
striking noise at the time of step-in of the block is decreased even 
more. 

^^t^grv^ ^The sipes 32, 36 ef U ie pres e nl firs I embodiment are lin e a ^T^ 
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-^iyettmfefeatial-d ircction main groove s Id. Ho\Arcrvncn 7- th€ r-pf=esefrt 
I m rnlion in nnrlimifrii \r\ thr -nmr mt ini nf rntrd in F ir rnri 
^^23 "port ionG of the sipcG 32^ 26 may be connoct c d to the ■ 

■ circumforGntial direction main grooves Id. As illustrated in Fig. 1, 
^rtions of t he sipes 32^ 36 may be curved. Further, the entire 
'Sj:pes- 32^ 36 -iB aay be curved provided that th e y ar c substan tirally- 
'P^^^ll€l4Q-the-G€ ^t our l in e efthe-g^o^j ^^^H ^t mti^ ^ 3 Qr 

Moreover, in a case in which linear sipes such as the sipes 
32, 36 are formed in the blocks, it is preferable that the sipes are 
parallel to tangent lines S (see Fig. 1) which are tangent to the 
contour line of the ground-contact configuration 30. 
Second Embodiment 

A second embodiment of a pneumatic tire of the present 
invention will be described hereinafter in accordance with Fig. 5. 

As illustrated in Fig. 5, the four circumferential direction 
main grooves 14 extending along the tire circumferential direction 
are formed in the tread 12 of the pneumatic tire 10 of the present 
second embodiment. Inclined grooves 38, which extend from the 
transverse direction center of the tire toward the transverse 
direction outer sides of the tire, are formed along the 
circumferential direction of the tire. 

A rib 40 is formed at the tire transverse direction center of 
the tread 12. 

The inclined grooves 38 extend obliquely with respect to the 
tire transverse direction from the end portions of the rib 40 toward 
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the direction opposite to the direction of arrow R (the rotating 
direction of the tire), and in vicinities of the shoulder portions, 
extend obliquely toward the direction of arrow R. 
yJl nyO^^^^^^z ^houldci blockc 12 defined by the - inclined g r ooves 38 and. 
--^3 ^V 'r> r-irriirnf r. r ni344-a4--44 ipr li nn n= K^ in . grooves 1 4 are dinpon o d along - 
-y^ the tire circumferential direction at both s h o ulder portion sid e s - 
r- (both tir e transverse direction sid e s) of the tr e ad 12. Second blocl ^ 
-- 44, whi ^b- are simi l arly d e fin e d by th e-cir cumferential direction 
^ -m ain gro oves- 14 and the inclined grooves 38, are d isposed 

be tween t he shoulder blocks 42 and the lib 40 alung U te- 
"^/^ ^ circumfe feft^taJUOifc ctiSn of the tir o . - 

A sipe 48, which is substantially parallel to the contour line 
at the trailing edge of a groxind-contact configuration 46, is 
formed in the trailing edge region of the shoulder block 42. A sipe 
50, which is substantially parallel to the contour line at the leading 
edge of the ground-contact configuration 46, is formed in the 
leading edge region of the shoulder block 42. 

In the present second embodiment as well, the shearing 
strain generated in the shoulder block 42 is blocked by the sipe 48. 
Therefore, heel-and-toe wear is suppressed, and noise caused by 
heel-and-toe wear can be reduced. Further, because the 
compressive rigidity at the leading edge side of the shoulder block 
42 is decreased by the sipe 50, the striking noise at the time of 
step-in of the block is further decreased. 
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In the first embodiment, the sipes 32 and the sipes 36 are 
formed in the blocks 18 at the outermost sides in the tire 
transverse direction. In the second embodiment, the sipes 48 and 
the sipes 50 are formed in the shoulder blocks 42 at the outermost 
sides in the tire transverse direction. However, in a case in which 
there are plural rows of blocks along the tire transverse direction, 
for example, in the case of a pattern such as that illustrated in Fig. 
9, sipes 52, which are substantially parallel to the contour line of 
the trailing edge of the ground-contact configuration 46, and sipes 
54, which are substantially parallel to the contour line at the 
leading edge of the ground-contact configuration 46, may be 
formed in the second blocks 44 which are disposed at the tire 
transverse direction inner sides of the shoulder blocks 42. 
Experimental Examples 

In order to confirm the effects of the present invention, three 
types of Example Tires to which the present invention was 
applied, two types of Conventional Example Tires, and one type 
of Comparative Example Tire (all having a tire size of 225/50R16) 
were prepared, and wear and noise were compared at the same 
patterns in accordance with the following methods. 

Example Tire 1: 

The tire of the first embodiment (see Fig. 1). 
Conventional Example Tire 1: 
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The same pattern as that of Example Tire 1, but sipes were 
not formed in any of the blocks. 
Comparative Example Tire: 

The same pattern as that of Example Tire 1, but the sipes 38 
were formed in the centers of tlie blocks 18 as shown in Fig. 6. 
Example Tire 2: 

As shown in Fig. 7, the pattern was the same as that of 
Example Tire 3, but only the sipes 48 at the trailing edge regions 
were formed in the shoulder blocks 42. 
Example Tire 3: 

The tire of the second embodiment (see Fig. 5). 
Conventional Example Tire 2: 

As shown in Fig. 8, the pattern was the same as that of 
Example Tires 2, 3, but no sipes were formed in the blocks. 

(Experimental Method) 

The wear test was carried out by a flat belt wear testing 
machine at which the experimental tire was mounted to a 7.5 J rim 
and filled to an internal pressure of 2.0 kgf/cm^. The experimental 
conditions were as follows. 

road surface: Safety Walk type B (trade name, manufactured 
by 3M Co., Ltd.) 

slip angle: 0.5 degrees 

load braking force: 45 kgf 

running distance: 300 km 
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room temperature: 30^C 
load: 450 kgf 
speed: 50 km/h 

KcJ^i::^^ ^^;;^! ^^ the evaluation - of t he comparison^ the difference in th e 
•-j^ ^am o u nt of w e ar betw e en t he trailing edge and the loading e dge o f> 
^•^^ tfee-block-a^ the should e r oid ^ was o xpr c Qs c d as an4ndex with the ^ 
^'^^0 -C onventional Exampl e Tire - 43cing 100. I lighcr valuG #=4^fe^^ 

smaller wear di fferences- which is better. The result s are shown in ^, 
^^-fofttrwtng^^ and 2r 

The noise test was carried out by a drum testing machine at 
which the experimental tire was mounted to a 7.5 J rim and filled 
to an internal pressure of 2.0 kgf/ cm^. The experimental 
conditions were as follows. 

road surface: Safety Walk type B (trade name, manufactured 

by 3M Co., Ltd.) 
slip angle: 0 degrees 
load braking force: free rolling 
room temperature: 30°C 
load: 450 kgf 
speed: 40 km/h 

A noise meter was placed behind the tire at a distance of 50 
cm from the tire leading edge. The noise level of the primary 
component of the pitch in the vicinity of 350 Hz of the worn tire 
after the above-described wear test was expressed as an index 
with the Conventional Example Tire being 100. Higher values 
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indicate lower noise levels which is better. The results are shown 
in following Tables 1 and 2. 



TABLE 1 





Amount of Step 
due to Wear 
(index) 


Noise Level 
(index) 


Conventional Example Tire 1 


100 


100 


Example Tire 1 


122 


115 


Comparative Example Tire 


105 


103 


TABLE 2 




Amount of Step 
due to Wear 
(index) 


Noise Level 
(index) 


Conventional Example Tire 2 


100 


100 


Example Tire 2 


126 


116 


Example Tire 3 


129 


122 



•^A/O^l^j^ y ^ Cdii b e luidcrstood from U ac experim e ntal roGults list ed-iR- 
^ Tabfertrtirc Example Tire 1 to w hi ch th e pr c s G nt inv e ntion i s . 
^ ap pli e d exh ibits a gr e at reduction in the amount of - flie step d ae-far 
^wear and the noise level as compar e d with Convontional-Exfmrrrt^ 
iiH re 1 and th e Comparative Exa mp le Tiier 
^w<L P) K A s- can be understood fr -o m Table 7., tlie Example Tires 2 and 
'-y^ -3-to-whie h th e pr esent 4nvention is appli e d e xhibi t greatly reduced - 
>^ -amount s of s te ps du e l o w e ar and noise lev e ls as compar e d to - 
C o nv entt^tai^E^a^plo T ire 2. Fu rtirteir^xam^ple T ir e-37w hic h wa » 
-p^Qvided-w ith sip e o at-fee4€ac 
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■weHT-^^es^lts-lR-a n even g r eater docrcase - in the noise l evel tha R 
Exampl e Tire 2. ■ 

The pneumatic tire of the present invention exhibits superior 
effects in that heel-and-toe wear is suppressed and noise is 
decreased. 

Further, by providing sipes at the leading edge regions as 
well, an excellent effect is achieved in that noise can be decreased 
even more. 



17 



